Introduction
Streptococcus suis is a major pathogen in the pig industry, associated with a wide variety of pigs diseases, such as meningitis, arthritis, bronchopneumonia, endocarditis, polyserositis and septicaemia. In addition, it is a zoonotic agent causing severe infections in people related with infected pigs or pork-derived products. The control of the disease is based on the antimicrobial therapy and sanitary measures, since there are not available commercial vaccines yet.
Relatively high levels of resistance have been detected in S. suis species against antimicrobials of frequent use in swine herds. Different strategies to reduce the use of antimicrobials have been proposed, natural products with antimicrobial effects and its use combined with antibiotics can be an attractive alternative. Unlike antibiotics, the complex composition of the essential oils (EO) allows them to develop a great diversity of mechanisms of action, emphasizing the alteration of permeability and bacterial survival. Previous studies by our research group (de Aguiar et. al. 2017) showed the effectiveness of four essential oil against S. suis. The objective of this study was to evaluate the possible in vitro effect of the combination of penicillin (P) and trimethoprim-sulfamethoxazole (SXT) with cinnamon, oregano, common thyme and red thyme essential oils, against five S. suis field isolates resistant to P or SXT.
Materials and methods
The four commercial EOs (purity ≥ 98%) were purchased from Aromium® (Barcelona, Spain). A total of eight S. suis isolates from diseased pigs resistant to P and/or SXT from the Culture Collection of the Animal Health Department (University of Cordoba, Spain) were analyzed. The test was carried out in 96 wells microtiter plates, mixing different concentrations of each antimicrobial and EO, using the Checkerboard method. Both products were diluted in Brain-Heart Infusion Broth to concentrations twice or three times the expected MIC. The combined products was mixed with the equal volume of bacterial suspension (106 CFU/mL). Then, the plate was incubated at 35°C for 20-24 h under aerobic conditions. Every assay were carried out in duplicate. From the best combination that inhibited the bacterial growth, the fractional inhibitory concentration index (FIC index ) was was calculated to determine possible synergic effect [FIC index = antimicrobial agent FIC (minimum inhibitory concentration (MIC) of antimicrobial agent combined/antimicrobial agent MIC alone) + essential oil FIC (essential oil MIC combined/ essential oil MIC alone)]. According to EUCAST (2000) , a synergic effect was consider when FIC index ≤0.5; Additive >0.5-1; Indifferent >1 <2; or antagonist when FIC index ≥2.
Results
The combined effect of the antimicrobial agents with EOs expressed by FIC index (Table 1) , did not present any antagonism. The combination of penicillin-EOs showed additive effect in 50% of cases, with better results for P-oregano and P-common thyme (additive effect in 3/5 strains). For P-cinnamon and P-red thyme, an additive effect was observed in 2/5 isolates. All other cases of penicillin-EOs were indifferent. On the other hand, the combination of SXT-cinnamon and SXT-common thyme showed an additive effect in 2/5 strains, while for SXT-red thyme this effect was observed in 1/5 isolates. An indifferent effect was observed with SXT-oregano for all the strains. A reduction of the MIC values for penicillin (2-16 fold), SXT (2-256 fold) and EOs (below the cytotoxicity concentration described by other authors) were also observed. Additive effect in bold.
Conclusion
The results of this work point out the potential of combination therapy for the control of resistant isolates of S. suis obtained from pigs. Further studies are necessary to obtain synergic combinations of antimicrobials and essential oils and in vivo safety for the therapeutic use of OEs.
